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TECHNICAL FIELD OF THE INVENTION
This invention relates in general to the field of data

communication and processing, and more particularly to a
system and method for adding speech recognitipn

capabilities to Java.



2 BACKGROUND OF THE | NVENTI ON Comput er users have | ong desired
personal software applications capable of responding to verbal conmmands.
Al'lowi ng users to interact with software applications using speech as an
i nput medium provides a nore natural interface than, ‘for exanple,
keyboard, nouse or touchscreen input devices. Voice input provides an
advantage of facilitating hands-free operation. Besides allowng users to
attend to other matters while interacting with the software
application, hands-free operation prOV|de§ access to physically
chal | enged users. Voice input offers an additional -advantage of .
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One approach to prov1d1ng speech recognition
capabilities for a client application is the concept of
HTML (hyper-text markup language)-based smart pages. A
smart page is a World-Wide-Web (Web) page that contains a
link to a grammar specific to that page, and is capable of
interpreting the results of that grammar. The author of
the smart page defines the grammar to which the page will
respond, embeds a link to that grammar within the smart
page and gives visual cues to the user regarding the type
of verbal input expected. When the speech engine
encounters the smart page, it incorporates the grammar,
enabling it to respond to speech input and return a result
to the smart page. The smart page intérprets the result
and responds accordingly.

A disadvantage of this approach is that HTML-based Web
pages are stateless; that is, when following a link on the
current page to a new page, the new page knows ‘nothing
about the previous page. While it is possible to overcome
this limitation by encoding state information in the URL
(Uniform Resource Locator), this method provides a very
inefficient solution. A further disadvantage of this
approach is that it provides no solution for adding speech



recognition capabilities to client applications in general. Because HTM is
not a full programm ng | anguage, its practical applicationis limted to
Wb pages and browsi ng commands. 4
SUMVARY OF THE | NVENTI ON According to the teachings of the present
invention, a systemfor adding speech recognition capabilities to Java is
provi ded which elimnates or substantially reduces the di sadvant ages and
probl ems associated with previously devel gped systens. I n accordance
wi th one enbodi rent of the present invention, a system for adding
speech recognition capabilities to Java includes a speech, recognition

ser ve][ coupl edrécognild\ea aa?élbﬁaidie ghr@l@hcarappmpbacmﬂs)rnprg@géaal. ]
i nterface. T a jcation ically specjfi a to the
appl i cati on prggfgtr]n_g%{ntpzer a(_:le€ h?igc_hac)g%minrjfni%%%sd i lg{gfgrg&mé#%edn??{ésspeech
recogni ti on sePHRFtichle apPleERt it olhilimdkedetPelel cragam f1¥hErgwaifsEr and
a speech i nput codthendgpeech recognition server perforns speech recognition
on the speech input, and generates a




result based on the grammar. The application programinterface

“communi cates the result to the Java application, which perforns an action
based on the result received. The present invention provides inportant
techni cal advantages including the ability to easily encode state
information in a Java application. Unlike HTM., which is stateless, Java is
a full programm ng | anguage capabl e of efficiently carrying the necessary
state information. Mreover, because Java,is a full progranm ng | anguage,
the present invention facilitates speech énabl enent of any Java program
application, and is not limted to Wb browsing applications. A further

advant age i s t geMirart dbatus) aw®eiNsronp! at f orm i ndependent | anguage. As
such, the present Tnvention allows the same programto use speech
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programmers the fl el blaFFPydM)C&? npfllﬁhemn&mﬁebeéimlﬁx péatthespresent Yet a

further advant ag@efiddle PsesgPbeimVerbEon duaiihfe %bbéeﬁ/s‘%\ée&nﬂ?ﬁé’ﬁ upon
whi ch the appllcatlo rograminterface is base Because ;t he Speech

recogni tion sef3RFP %i;thgaHGIRnﬁiu?ﬁ% B RRRSH FPPGRALIAN| FERYRF | oad
is placed on thesuslederto naerjavel edpgaiatdgt i ¢hrbagh Eufthppmméetléme

client/server BRgStad’ AHede2abbo*! Pidld ¥ f2%a?! LY N LR CliyRlha 8RP1Y CATT ON
specifies a grammar to the application program lnterface,

which communicates the grammar to the speech recognition
server. The speech recognition server receives the grammar
and a speech input. The speech recognition server performs
speech recognition on the speech input, and generates a
result based on the grammar. The application program
interface communicates the result to the Java application,
which performs an action based on the result received.

The present invention provides important technical
advantages including the ability to easily encode state
information in a Java application. Unlike HTML, which is
stateless, Java is a full programming language capable of
efficiently carrying the necessary state information.
Moreover, because Java is a full programming language, the
present invention facilitates speech enablement of any Java -
program application, and is not limited to Web browsing
applications. A further advantage is the fact that Java is
a platform independent language. As such, the present
invention allows the same program to use speech recéénition
on multiple platforms, provided a speech server runs in the
background. This allows the client programmer to ignore
platform dependent issues such as audio recording and
speech recognizer specifics. A still further advantage is
the flexibility of the application program interface used



separate, perhaps |ess powerful, device than the server conputer. Wen
conmuni cating with Java prograns on the Wb, the client side nature of Java
greatly sinplifies tracking dialog context in an interaction. Furthernore,
direct communication with a Java application elimnates network del ays when
waiting for a response. Still another advantage of the present

I nvention is the provision of dynam c nodification of the contents of a
granmar data structure. Dynamic nodification is a val uabl e advant age where
t he context encountered by the speech engfne is unpredictable, such as
browsi ng Worl d-W de-Wb sites. In such cases, dynam c nodification allows
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’ Furthermore, the client/server model provides flexibility
by allowing the client application to execute on a
separate, perhaps less powerful, device than the server
computer. Whenh communicating with Java programs on the
Web, the client side nature of Java greatly simplifies
tracking dialog context in an interaction. Furthermore,
direct communication with a Java application eliminates
network delays when waiting for a response.
Still another ad&antage of the present invention is
the provision of dynamic modification of the contents of a
grammar data structure. Dynamic modification is a valuable
advantage where the context encountered by the speech
engine is unpredictable, such as browsing World-Wide-Web
sites. In such cases, dynamic modification allows the
speech recognition server to augment the language of the
speech engine to fit the context of the application
encountered. The grammar data structure of the present
invention provides an additional advantage of conciseness

over conventional single regular grammars.



FIGURE 4 illustrates an exenplary nethod of facilitating a speech
“interface to a Java application according to the teachings of the present

i nvention. 7 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The preferred enbodi nent(s) of the
present invention is (are) illustrated in FIGURES 1-4, Iike reéeference
nuneral s being used to refer to |like and correspondi ng parts of the various
dr awi ngs. FIGURE 1 is a sinplified representation of a system for
enabling Java with speech recognition cad%bilities. The system may i ncl ude
a Java application (application) 24, a speech recognition:server (SRS) 18,
a server-side éﬁﬁﬂ#‘ﬁﬁ%bﬁﬁ99*89r6¥nfﬁﬁ‘ﬂﬂﬁﬁ%ﬁ gserver-side APl) 218, and an
appl i cation-siTe apprrcatron pTogT am interface (application-side
APl) 224, Ser verEodi @e batrer2ugdenprrpinld f e FIr@senp| le'zﬂn‘a%@r
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FIGURE 3 illustrates an exemplary interface between a
speech recognition server and a Java application accbrding
to the teachings of the present invention; and

FIGURE 4 illustrates an exemplary method of
facilitating a speech interface to a Java application
accorﬁing to the teachings of the present invention.



the screen up in response to a command "scroll up,"” returning to a previous
Web page in response to a command "go back," or displaying the weat her

forecast in response to the conmand "show the forecast." The action
t aken depends on the function of the particular application receiving the
result. 8 FI'GURE 2

illustrates an exenplary system 10 which includes a speech host conputer

12. Speech host conputer 12 may include SRS 18 and applications 24-30.

Applications 24-32, referred to general IS/’ as application 24, interface

with SRS 18 through API 20. Java applications 24-28 may -=originate from

net wor k conput %§A3§E§8D@egslt§ﬁgNanaTHé\ef% Java application 30
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System 10 nmay furtheli |ncI ude an |nterf%$e devi cg 14, which is caugl ed to
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speech host coffiiféf-12 belng, Wsrdartq nt afR%a FOFFESPPBAIAS may
exi st on intephate dfvilee vedicasddeantmys cate with APl 218 t hrough
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supporting SRS 18 an suc a mal nframe, a m ni conput e
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under stand t he cI i ent - server protocol n‘Eﬁﬁprre‘ ormthe actions requested by

appl i cation 242 | APEER & LELPRr ¥ ﬁF‘S)SR@ﬂS 3y eB¥EFRELYT at ed
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recogni tion SXEL?E&atioépgﬁigr iQSSE?QQEP&R reé?ééraéo 2 interface
: (application~-side API) 224. Server-side API 218 and
application-side API 224 are referred to collectively as

API 20. 1In operation, application 24 dynamically specifies
- to API 20 one or more grammars. A grammar is set of rules
defining the syntax and vocabulary to which application 24
will respond. API 20 communicates the grammar to SRS 18,
which receives and sibres the grammar. After processing
the grammar, SRS 18 may receive a speech input and, based
on the grammar specified by Java application 24, perform
speech recognition and generate a result. API 20 may then
‘communicate the result to Java application 24. Java
application 24 may perform an appropriate action based on
the result received.

The action application 24 performs may be any action
appropriately taken in response to a command supported by
application 24. The action may be, for example, scrolling
the screen up in response to- a command “scroll up,”
returning to a previous Web page in response to a -command
“go back,” or displaying the weather forecast in response
to the command “show the forecast.” The action taken
depends on the function of the particular application
receiving the result.



recogni zer's ability to continue functioning upon the introduction of a new
‘speaker, without training to the new speaker's speech peculiarities. :
Support of continuous speech refers to a recognizer's ability to function

Wi t hout requiring pauses between spoken words. An arbitrary

vocabul ary is one not bound by a predefined vocabul ary size and/or

content. SRS 18 1is not specific to Java applications only. It may
9

interface with any application
that follows the protocol for communicati &n between a client and a server.

SRS 18 may be used in conjunction with a web brovvser such as
Net scape[err] or ¢ f pl orer err support s eC|f|c features
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functions, vi rnaawoahd 3dther Jdunchppbicaticon Gdat madefdsiidt onscarng ehher

vari abl es t hat los@n re eratians _of SRS 18. | ncl. udes
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I C

i ncl udes specific |lines of code faC| Itate 1 nteract ween SRS 18
jpterpreter 22. System 10 may further include an interface

and applicatio
device 14, which is coupled to speech host computer 12

through an interface 16. Java application 32 may exist on
interface device 14, and communicate with API 218 through
interface 16.

Speech host computer 12 may be any device capable of
supporting SRS 18 and API 20, such as a mainframe, a
minicomputer, a workstation, or a personal computer. In
general, SRS 18 may be any device or application that will
listen for a connection from a client application,
understand the client-server protocol and perform the
actions requested by application 24. In a more particular
embodiment, SRS 18 may be integrated into a speaker
independent, continuous speech, arbitrary vocabulary
recognition system. Speaker independence refers to a
recognizer’s ability to continue functioning upon the
introduction of a new speaker, without training to the new
speaker’s speech peculiarities. Support of continuous
speech refers to a recognizer’s ability to function without

requiring pauses between spoken words. An arbitrary
vocabulary is one not bound by a predefined vocabulary size
and/or content. SRS 18 1is not specific to Java

applications only. It may interface with any application



24. Server-side APl 218 and Application-side APl 224 collectively form
‘APl 20. APl 20 allows granmmar specifications and directives

unique to particular applications to beconme part of SRS 18. Utilizing
this feature, a programrer may speech enabl e any Java application by adding
an application-side APl to facilitate interaction between SRS 18 and the
appl i cation. In the present enbodi nent, applications 24-32 have been
speech enabl ed by encoding them with appllcatlon side API's 224- 232,

respectively. 10 By
way exanple, and not as a limtation, the. follow ng exenplary code may be

used to speech bl I C on ; vas ech - //The
thae fbfﬂﬁws ghd 6ﬁ£oco for, %%ET£ ends iﬁyq%ﬁ

Java speech APl package Ic class MWy
| npl enent s Runf&BEBE Sﬁﬁaaﬁ(eﬁﬁré’er- SpeechRecogni zer SR SRGram*rar gr anmar ;

SR = new SpecchRecogms 287 Gl Bb: ubda (SREANISELELR {1 cn PIMEIG,GoaImer =

neM/SF&?annar("bl ramar”) ; gr amrar & _grammr ---
start bllnklng Spe to bﬁeﬁEFﬁBe) or Microsoft Exp orer"4 to support

specific features for speech interaction with the World-
Wide-Web. 1In addition to prov1d1ng several advantages when
interacting with the World-Wide-Web, SRS 18 may be used as
a2 speech Trecognition server for a variety of other
multimedia purposes. Among these are information access
through kiosks, voice-powered interactive multimedia
presentations, voice navigation of interactive training and
repair manuals, and integration of television through the
Web.

Application program interface 20 may include a
collection of routines, .commands, data structures, virtual
and other functions, virtual and other function calls, data
definitions, and other variables that control one or more
operations of SRS 18.. API 20 includes server-side API 218
and application-side API’'s 224-232, referred to generally
as API 224. Server-side API 218 may include a majority of
the code necessary to control the operation of SRS 18.
Application-side API 224 includes specific lines of code
which facilitate interaction between SRS 18 and application
24, Server~side API 218 and Application-side API 224
collectively form API 20. API 20 allows grammar
specifications and directives unique to particular
applications to become part of SRS 18. Utilizing this
feature, a programmer may speech enable any dJava
application by adding an application-side API to facilitate
interaction between SRS 18 and the application. In the

' present embodiment, applications 24-32 have been speech
enabled by encoding them with.application—side API’s 224-
232, respectively.



SR. | oadG ammar ToRecogni zer (granmmar) ; SR. startListening(); public void
-onSpeechRecogniti on(SRResult result) // sinulated callback that receives
the SRResult object and is // responsible for its processing
SR. st opLi stening(); SR disconnect(); I n object-oriented
progranming, a class defines attributes, services, data structures,
routines, or other information characterizing objects in or instances of
the class. In the exenplary code above, the classes used are
SpeechRecogni zer, SRResul t, and  18RG amar. The
SpeechRecogni zer cl ass controls the basi c speech

recognition operations such esta Ilshlng a,co ction n SRS 18
and application 245% |ng a8t @ék? °§Coﬁﬂ§c%¥ﬁ " Srs

18. The SRG arﬁmmpdlaagscocxe myedetmsapeml Eyegeianmable6 apphi cagborSRZ amar ,
application 24 can add and replace grammars, deactivate and reactivate
grammars, and reload an altered grammar dynanically during

ippoct javaspeecn.* /{The Java speech API package

public class MyApplet extends Applet irplements Runnable, Speakable
{

SpeechRecognizer SR:
SRGrammar grammar;

SR = new SpeechRecagnizer(shis):

if {SR.connect{)} {
SRGrammar grammar = new SRGrammar("blink_grammarc”};
grammar.addRule{"blink grammar —--> start blinking { stop blinking"}:
SR.loadGrammarToRecognizer (grammar);
SR.startlistening{);

}

public void onSpeechRecognition{SRResult result!

{

// simulated callback that receives the SRResult object and is
// responsible for its processing

H

SR.stopListening();
SR.disconnect();

b

In object-oriented programming, a class defines
attributes, services, data structures, routines, or other
information characterizing objects in or instances of the
class. In the exemplary code above, the classes used are
SpeechRecognizer, SRResult, and SRGrammar. The
SpeechRecognizer class controls the  basic speech
recognition operations such as establishing a conpection
between SRS 18 and application 24, communicating with SRS
18 and disconnecting from SRS 18. The SRGrammar class is
used to specify grammar 56. Through SRGrammar, application
24 can add and replace grammars, deactivate and reactivate
grammars, and reload an altered grammar dynamically during



the execution of application 24. The SRResult class may contain
“information such as granmmar 56, result 58 which was recognized from granmar
56, a confidence score and a list of the n-best results and their

confi dence scores. In order to handl e the sinulated cal |l backs needed for
asynchronous recognition, application 24 may al so include a function

on- SpeechRecognition, which is automatically called when recognition result
58 has been received. The exenpl ary code descri bed above illustrates a
met hod of speech enabling application 24l%ith an extrenely sinple tenplate.
The sinplicity of the exenplary code provides an advantage of all ow ng
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speech recognition API's to speech enable an application
with minimal effort. API 20 provides an additional
-advantage of supporting more advanced speech recognition
capabilities that more experienced programmers may desire.

Application 24 may be any application suitable to the
Java programming language. By way of example, and not as
a limitation, application 24 may be a computer banking
program, a computer game program, or a World-Wide Web page.
Java is a platform independent programming language. As
such, the present invention provides an advantage of
enabling a client application with speech ~recognition
capabilities regardless of the platform of speech host
computer 12,

API 20 may interface with applications 24-32 in a
number of ways. In a particular embodiment, an application
30 may be local to speech host computer 12. For example,
application 30 may be present on the hard drive of “speech
host computer 12, present on an external drive such as a
floppy drive or CD Rom, or- hardwired into speech host
computer 12. Generally, application 30 may exist locally
to speech host computer 12 on any medium suitable to store
application 30 and facilitate its operation in system 10.



12 I n anot her enbodi nent, an application 32 nay exi st on an
-interface device 14, such as a cellular phone, a personal digital assistant
or a set-top box. Application 32 may comruni cate with APl 20 through an
interface 16. Interface 16 nmay include any wireline or wreless device
suitable to facilitate conmunication between interface device 14 and speech
host conputer 12. In this enbodi nent, because the bul k of the processing

| oad is placed on speech host conputer 12, client application 32 need not
possess | arge capacity for power and menoty. Thi s provi des an advant age
of providing speech recognition capabilities to applicatiens running on

merory and pover rod FaEHs cibBaiihey, & Mipqitith s Y dSERCSSATY
appl i cations 2ATP8inkPréxcet deyieaherd 0SUABL VT 334 Nothast Kolmanevay a

include any suigalyaiMdighitle af5isvidelBsS sje'tmééo béx. f%ﬂlﬂé&tt@.on
communi cati ons het ween speech host conputer 12 networ k conput ers 36-40.

For exanpl e, netwdidy FOHRUPicaEeuddth B iZ0 s%”c%’ﬁé‘d e | i@teshachetifor k, an
| ntegrated SerVintes fRcgi 18l mblet wackulib SBAY, wirbDOd &F 6 MAlaser Kelulidl) |

t litan t k |_qbal t k
such bs. the VX APaE. v, (8P b FRFS dear Rt b B wESHES n T UGIIEGE ot ner
conmmuni cat i ons dewéhanli4mnd Speech vt comppterri2l.? dnythis emmflacid menth
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interpreter 22 may be an evice sultable to access
| ocate and ret fP&Fe 65tﬂ8n shiert cAPRLIGA BB RfredamokpPossedSever .

FIGURE 3 is an 1exqaplo@rgadlmyerﬁo&cq:&sa:v\eﬁm SReesHy J ecagnst beBvegEyeanl8 and

Java applicatio 24-32 a cordln to the teachin s of the S
|nventPgn 6 gﬁtﬁggt E prov1 ing speec recog tion capé%fi %1es to

applications running on small, low power interface devices
which might otherwise lack the necessary memory and power
requirements.

In still another embodiment, applications 24-28 may
exist somewhere on network 34. Network 34 may include any
suitable wireline or wireless 1links to facilitate
communications between speech host computer 12 and network
computefs 36-40. For example, network 34 may include a
public switched telephone network, an Integrated Services
Digital Network (ISDN), a local area network (LAN),
metropolitan area network (MAN), wide area network (WAN),
a global network such as the World-Wide-Web, or other
dedicated or switched network or other communications
mechanism. Speech host computer 12 may interface with
applications 24-30 through an application interpreter 22.
Application interpreter 22 may be any device suitable to
access network 34 and to locate and retrieve application
24, such as a browser or an applet viewer. -

FIGURE 3 is an exemplary interface between speech
recognition server 18 and Java applications 24-32 according
to the teachings of the present invention. Speech host
computer 12 supports SRS 18, API 20 and one or more Java
applications 24-32, referred to generally as application



conputer 12 supports SRS-18, APl 20 and one or nore Java applications

24- 32,
13

granmar data structure 52 and an application

referred to generally as application

24. SRS 18 may include a speech engine 50, which has
data structure 54. GCenerally,

speech engine 50 may be any algorithmsuitable to perform speech
recognition on a speech input. In a particular enbodi nent, speech engine
50 may include at |least three layers as known in the art: a Hi dden
| ayer to represent acoustic nodel s13an optional word pronunciation

sentence syntax |ayer to specify expected sequences of words.
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FRES Yo REPRGL S rIRAURNGESNEE YPFES: I n such cases,

dynam ¢ nodi fi cat i Genexfaldyangpanat |aa speaebur€CoPNidy M2 Sebyed 48 to

augnent the | gpguage; of h epgine 50 to fit the context of .the
appl i cation encgunt§$§d5&$%§8EK1§§?lce and’ application °peraLle to

receive, store and facilitate retrieval of grammar 56. In
a particular embodiment, grammar data structure 52 may be
regular grammars in a directed acyclic graph (RGDAG) as
known in the art. In an RGDAG, one grammar connects to
another when a terminal symbol in a first grammar matches
a start symbol in a second grammar. Implementing an RGDAG
as grammar data structure 52 allows speech engine 50 to
begin its search process with any subset of start symbols
within the RGDAG. This facilitates dynamic modification of
the speech engine’s language according to the context of
the applicat;on encountered.

Dynamic modification of the RGDAG is an advantage of
speech recognition server 18 in situations where the
context encountered by speech engine 50 is unpredictable,
such as browsing World-Wide-Web sites. In such cases,
dynamic modification of grammars allows speech recognition
server 18 to augment the language of speech engine 50 to
fit the context of the application encountered. The RGDAG
structure provides an additional advantage of conciseness
by facilitating more efficient grammar storage than
conventional single regular grammars.

Application data structure 54 tracks the status of
application 24. Application data structure 54 may



structure provides an additional advantage of conci seness by facilitating
-nore efficient granmar storage than conventional single regular granmmars.
Application data structure 54 tracks the status of application 24.
Application data structure 54 may .
14 desi gnat e application 24 as "active" or "inactive,"  as "listening" or
"not listening" or as "running" or "not running." Additionally, application
data structure 54 may track the status of granmars associated wth
each application by marking each granmar ¥5 "enabled,” or "disabled.” In
this way, speech recognltlon server 18 nmay track and suppert sinultaneous

operation of nyggi&lxgté:l L @QHZA abhong «,ARRJLCa)L ORyndat A, StTrycture
a I on

may further epable ap to receive a speec focus” A ‘speech
focus may be ne&b%%%mymio PBsORPE ddmteningfis dFetadfeeFHIHBYIUSLRPPRPRat i ons
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24 a speech focgus, i gllfl cation 24 can revent speech engl ne 50 from sendi ng
result 58 to otharX|iSheni H@Ebpl ith ‘g’f?ém“arlsn AFSOCHAY St i Eht PSR

appl i cation, a@pplmum 28y rrmﬂ&mﬁjs éﬁshl tgfdhmar as SRS:nJaﬂblmy”alcsﬂ
i ncl ude a serve u%e HegPer tion ofs éFryé pgﬁghvrec %nﬁi%lgl se]r%e fég'g%BFSI de

APl 218 may I nc a_parser ey recelve a Fesar
speech engi ne svclioénﬁlesmeorrtewmvlm@ewnmmm@ epfpaklldédpllesgll-em to

application 24app] {ABQJHALI ON.ARAI$EE 168 By Al 'sQWuEEh?é‘t ey teusPeet fy
certain nonterm | s wihln grammar 56. Parser 60 then returns to

appl i cation 24® ERBLLGRF G IE Dty é§&|et“’58ac%??%§bcﬁ%uﬁg t® gpeech
speci fied nont sscashakhsy Y R¥BEPSEry JtaMmpesdibrdiyoREentidie betwden

numerous applications each listening for results from their
own grammars. By giving application 24 a speech focus,
application 24 can prevent speech engine 50 from sending
result 58 to other listening applications. In this way,
the intended application, application 24, receives result
58.

SRS 18 may also include a server-side portion of API
20, server-side API 218. Server-side API 218 may include
a parser 60. Parser 60 may receive a result 58 from speech
engine 50, parse the result and communicate a parsed result
61 to application 24. 1In operation, parser 60 may allow
client 24 to specify certain nonterminals within grammar
56. Parser 60 then returns to application 24 only that
portion of result 58 corresponding to the specified
nonterminals. For example, grammar 56 may be in the form:
<ARTICLE> <ADJECTIVE> <NQUN> <ADVERB> <VERB> <PREPOSITIONAL
PHRASE>; parser 60 may extract the noun and verb as parsed
result 61 and pass only parsed result 61 to application 24.
This allows application 24 to ignore wunnecessary
information. An advantage of parser 60 is that it
eliminates the need for application 24 to reparse result
58, which can be a cumbersome process for complex grammars.

Server-side API 218 may further include a parametizer
62. Parametizer 62 may receive a parameter 64 from



<ARTI CLE> <ADJECTI VE> <NOUN> <ADVERB> <VERB> <PREPOSI T| ONAL PHRASE>; parser
60 may extract the noun and verb as parsed result 61 and pass only parsed
result 61 to application 24. This allows application 24 to ignore
unnecessary i nformation. An advantage of parser 60 is that it
elimnates the need foor application 24 to reparse result 58, which can be a
cunber sone process for conplex grammars. Server-side APl 218 may
further include a paranetizer 62. Paranetizer 62 may receive a
parameter 64 from applitation 24, and communi cate
paranmeter 64 to speech engi ne 50. Speech.engi ne 50 nay receive paraneter 64

and nodify its operati.on accordingly. Paranmeter 64 may be, any variable in
the function cﬁpF@p‘é:@é:l’rang%éne R SYPRURLCAP eﬂﬂﬁ?ﬂ‘?ﬁ%ﬁggﬁaf‘énﬁp&%‘: i ch

specifies a dwmfinen 50l sEpescie &idifieCis®Nmalyo rdebetral perdntetiera 6dpaach

utterance is fjni.she Referrin lso to E RE, 4 I met hod
for speech engt)%':%g g%)%l?pceé:taﬁtﬁﬁnzﬁc?gr@m‘ Tﬁl@géénfﬁgﬁ %gglfgr%rga%t %é&ep 100,
where a connectErdabile dést &bki Shedt b venspepth cetgiore 340, asdcBR8s18n  Once
a connection r@ﬁp@%ﬁ@iﬂadepaféme%e%. 19ﬁié$sd;a1t§ea@i%%sapgl '&%&ﬁa%rﬁdfotfo a

|ist of active applications 1n application structure , .
periodi cal |y cHd€RsefHRITCshentdsof dererpile dhEton sreephHEaransge 24 may
t hen dynam calflinispeaify grammar 56 to APl 20 at step 104. G ammar 56 may

exi st in any location or.state allow app]ication 24 to acces d
specify it to APl Eﬁger?b?ge?(g?ﬁ)lté? V\%f(gf#tgrl'%a%veﬁﬁ Y r'i“e%?‘f’gx?gﬁri ng
within the Jasweecheendblipgl applicatiza, 24 nis dhowa.spebe fanetthdy beygdhniscat i on
24, or at a Uy org Resgyrce ator iSReGid i . i L RRn24.
Additionally at ste681%4,'ap5%?%a%iéﬁggghkég spéii%%%éﬁif%ﬂgh Hitifdn
application 24 and SRS 18. Once a connection has been
made, at step 102 SRS 18 adds application 24 to a list of

active applications in application data structure 54, and

periodically checks for commands from application 24.
Application 24 may then dynamically specify grammar 56 to
API 20 at step 104. Grammar 56 may exist in any location
or state allowing application 24 to access and specify it
to API 20. For example, grammar 56 may exist in a text
string Qithin the Java code of application 24, in a file
specified by application 24, or at a Uniform Resource
Locator (URL) specified by application 24.

Additionally at step 104, application 24 may specify
parameter 64. As described above, parameter 64 may
correspond to any variable of speech engine 50. API 20
then communicates grammar 56 and parameter 64 to SRS 18 at
step 105. Also at step 104, application 24 may specify
that a grammar already communicated to SRS 18 be “enabled”
or “disabled.”

When SRS 18 receives grammar 56 at step 106, it adds
grammar 56 to a list of grammars associated with
application 24 in grammar data structure 52. Also at step
106, SRS 18 may enable or disable grammars in grammar data

structure 52 as specified by application 24. 1In addition,



paranmeter 64. As described above, paraneter 64 nmay correspond to any
vari abl e of speech engine 50. APl 20 then comruni cates grammr 56 and
paranmeter 64 to SRS 18 at step 105. Also at step 104, application 24 may
specify that a grammar already communicated to SRS 18 be "enabl ed" or

"di sabl ed. " When SRS 18 receives ‘grammar 56 at step 106, it adds
grammar 56 to a list of grammars associated with application 24 in grammar
data structure 52. Also at step 106, SRS 18 mamy enabl e or disable granmars
in grammar data structure 52 as specifiedlby application 24. In addition,

16 SRS 18 may adj ust the par arreters .of speech engine 50 according
to the val ue of r%nater d plication 24 is not already -
“1i stening” at 3 1§7Y id Jé’(frﬁ’rurﬁ‘%ak"é%"’lﬁe"?i:%té# nBPe&Gynangine oé@h AP

20 to SRS 18 aatccsutrelpn@oao tipovaleeeo¥i parémecel ief.eni ng” signal at step

109, SRS 18 add | 4t Jist  of | t

appl i cation 3atz 2??&%8&19?’%@10 ch42‘ lt%é“’&ﬁﬁlr@&?iyeui?gt?fgf |,pa LS I "
"listening, " SRE8718ikegommyinicatepm |“da'stemn<2'4 swnameehhouémdwsr 2@t tst ep

G consj noesorebed sbaiap 108. SPESGD fORS, B RR &1 2REGEhEN Y3557
fromsending result_»58 io ot her |istening ap |ca 111,
speech engi ne nayeR e 3?ve5§§eé@h 39t aPBbicaipn a4 step aﬂ.lQlS'pepform

speech recogni tliwmeamdg gepPEied €idRS Uid 1b-a§aQ:(10Qn é&%e@tr‘u%ﬂ%e6§4 Par ser
esul . Parser. 60 may -

hen sommuni catEosatted FRELTA-BD 15 ABBRPBaFon. Patetind e SFE149 BRBn

recei vi ng resulfivsg arstlisatien r2dsubt eecht Soews 156, sy | ¢adion 24 nay

perform.an act deBcpased aBBve} Nehd SplbEn" £5&ls $events speech engine 50
from sending result 58 to other listening applications.

At step 111, speech engine 50 may receive speech input
66, and, at step 112, perform speech recognition and
generate result 58 based on speech input 66. Parser 60 may
receive result 58 at step 113 and parse result 58. Parser
60 may then communicate parsed result 61 to application 24
at step 114. Upon receiving result 58, or parsed result 61
at step 116, application 24 may perform an action based on
the result received. -

Application 24 may specify additional grammars and/or
parameters at step 118, and/or enable or disable grammars
in grammar data structure 52. Alternatively, application
24 may temporarily interrupt communications with SRS 18 by
communicating a “stop listening” signal to API 20 at step
120. Upon receipt of the “stop listening” signal at step
121, SRS 18 removes application 24 from the 1list of
listening applications in application data structure 54.
At step 122, application 24 may send additional grammars
and/or resume communication with SRS 18 by communigating a
“listening” signal to API 20. Alternatively, application 24
may terminate communication with SRS 18 by communicating a
“disconnect” signal to API 20 at step 124. Upon receipt of
the “disconnect” signal at step 126, SRS 18 removes
application 24 from the application data structure.



Application 24 may specify additional grammars and/or paraneters at step
118, and/or enable or disable grammars in grammar data structure 52.

Al ternatively, application 24 nmay tenporarily interrupt comuni cations with
SRS 18 by comrunicating a "stop listening” signal to APl 20 at step 120.
Upon receipt of the "stop |istening” signal at step 121,--SRS 18 renoves
application 24 fromthe list of |listening applications in application data
structure 54. At step 122, application 24 may send additional granmars

and/ or resunme conmuni cation with SRS 18 b¥7 communi cating a "listening"
signal to APl 20. Alternatively, application 24 may term nate conmuni cation
with SRS 18 by comgfﬂ'! cating a "disconnect" signal to APl 20 at step 124.
Upon receipt of the Jfoglglgngléﬁtpressl af-PYER G 2pdsltsedivantages, Bave

appl i cation 24Peeamdelscrappti dat idetaddt,a st r shdéwld. be understood that

17 Al t hoygks t 1 I d_its vant.ages have been

descri bed in det aic%l%%eic?%g%gﬁf déi%e‘%ﬂ er é’t%%o&h%lh%?g?/ﬁ??lb‘%’ss SRBn§Esmade
substitutions SHAFS™ ¥ishruhsderar ingrfdon ibeespinit g sdepar bEnghé r om

the spirit andiseapsiod ashaeirineatbpneis fgfdiaed BYatfe. appended clains.



18 VWHAT IS CLAI MED | S: 1. Asystemfor facilitating a speech
“interface to Java conpri sing: a speech recognition server operable to
receive a granmar and a speech input, the speech recognition server further
operable to perfornrspeech recognition in response to the speech input and
to generate a result -based on the grammar; .l east- ene Java
application operable to dynamcally specify the grannar

result and to performan action based on the resul u ﬁﬁf““ﬁ
application programinterface operable tb8receive t

comuni cate the grammar to the speech recognition server and, in response
to the speech Eégo gl{ v b receive the result from the speech
recognition s 1 Léggégeﬁhnlcate the result to the Java application.
2. The system oft. C&isystem fdrerf@mailitheingpeespeect ogridniacesdover
conpri ses: Jav% céﬂ@???;n engine operable to perform speech
recognition; and a gra r data structure operable to receive and
store the grammar.@ Speechy requgnitdpst efarvsir @eraple], toyherceivie ehe

speech recognigidafihaseahar aCopREES Shput, eSB%%QEhePQééEthEHﬁﬂgé%de%
tion _and generate the result; granmar data

perfornrspeec& r gognr

structure operdfF PReFa e tanBeEt R SRRy é‘ﬁﬁﬁgnltm%rﬂ-‘hﬁiﬂﬁp@&lsﬁon dat a
structure opertablthet Gpekabk ihpet sirid U @Qfenfelratdaxarappl t aatsean onattiet 0
track the sta%gsmﬁgrg granmar associ ated with the Java application.

at least one Java application operable to dynamically
specify the grammar, to receive the result and to perform
an action based on the result; and

an application program interface operable to receive
the grammar, to communicate the grammar to the speech
recognition server and, 1in response to the speech
recognition, to receive the result from the speech
recognition server and to communicate the result to the
Java application.

2. The system of Claim 1, wherein the  speech
recognition server comprises:

a .speech engine operable to perform speech
recognition; and

a grammar data structure operable to receive and store

the grammar.

3. The system of Claim 1, wherein the speech
recognition server comprises:

a speech engine operable to perform speech recognition
and generate the result; ’

a grammar data structure operable to receive and store
the grammar

an application data structure operable to track the
status of the Java application, and to track the status of

a grammar associated with the Java application.



19 4. The systemof Caim3, wherein the application data
'structure conprises a speech focus, operable to restrict
communi cation of the result to an i nt ended Java appl i cati-en:

system of Claim 1, wherein the speech recognltlon serv |ses

a speech engine operabl e to perform speech recognit M‘“ m the
result; an application data structure operable st«at us of
the Java application, and to track the_status of a grannar aSSOCIated W th
t he Java application; and a set oF9reguIar granmars in a directed

acyclic graph operable to receive the grammar and to dynamically nodify the

contents of the sgt Ofrh%eg%ﬂém%frr@ﬁn' q awﬂ'e&@%e@hé‘?)iﬁ#:ﬁc&ffdﬂ‘ In

response to receiving the granmar. he systemof daim5
wherein the % i éé‘-trPS’ﬁuﬁﬁt £OIPEGSEEr eaC(ﬁﬁﬁeiCé’esf‘ac‘é?)ee@ﬁ’eFé%é therabl e

to restrict coMRIGICaidniin@tatiénr€5Uthet Begilt NteNdRdideMpdaPpyawat i on.
7. The systentaf .aim1l, wherein the application programinterface

conpri ses a TRNVEAECRe application programinterface and an
application-side application programinterface.

5. The system of Claim 1, wherein the speech
recognition server comprises:

a speech engine operable to perform speech recognition
and generate the result:;

an application data structure operable to track the
status of the Java application, and to track the status of
a grammar associated with the Java application; and

a set of regular grammars in a directed acyclic graph
operable to receive the grammar and to dynamically modify
the contents of the set of regular grammars in a directed

acyclic graph in response to receiving the grammar.

6. The system of Claim 5, wherein the application
data structure comprises a speech focus, operable to
restrict communication of the result to an intended Java

application.

7. The system of Claim 1, wherein the application
program interface comprises a server-side application
program interface and an application-side application

program interface.



20 8. The systemof Claim1, wherein the application program
interface conprises a server-side appl i cation programinterface and an_
application-side application programinterface; Wwherei-n- the

server-side application programinterface conprises a parser Q
receive the result fromthe speech recognition server, mmm uIt
and to generate a parsed result, wherein the ser |cat|on

programinterface is further operabl e to comunicate theé parsed result to
t he Java applicati on. 9. The sysEBmof Claim 1, wherein the
application programinterface conprises a server-side appl I cation program

interface and an applicafion;side applhgation F,flg?gfﬁn chgegﬁg;gflcatmn
fnter

wherein the server-side” appFP’ca 'on~ program ace co
parameti zer opRfcstslam t dnrerfice xommriseser avaﬁqu-éncﬂﬁheaﬂmkﬂa:#pﬁﬁ cation

and to nodify grRahaneigtepfaddie a'ﬂaeeﬁh rgﬁ?ﬁﬂéﬂl%-%@ﬁ\éeraﬁpﬁéﬁﬂﬂt to the
paranet er val ue receivyed. . The systemof Caiml erein the

speech r ecogniREOGK 28 LHERT E35FR | ses a vocabul ary having an arbitrary size,
wherei n the speechwheeepnitteoBezeyokilis Shshkeaitiondppegaent imtral fadeport s
conti nuous Sp%%ﬁgrlses a parser operable to receive the result from the
speech recognition server, to parse the result, and to
generate a parsed result, wherein the server-side
application program interface is further operable to

communicate the parsed result to the Java application.

9. The system of Claim 1, wherein the application
program interface comprises a server-side application
program interface and an application-side application
program interface:; '

wherein the server-side application program interface
comprises a parametizer operable to receive a parameter
value from the Java aéplication and to modify a parameter
of the speech recognition server according to the parameter

value received.

10. The system of Claim 1, wherein the speech
recognition server comprises a vocabulary having an
arbitrary size, wherein the speech recognition server is
speaker independent and supports continuous speech.



21 11. A method of facilitating a speech interface to Java, the

»met hod conprising the steps of: establishing comunication between
a speech recognition server and a Java application; comuni cating a
granmar to the speech recognition server; "performng speechr- -

recognition in response to a speech input and gener atj based on
the grammar; and comuni cating the result to thil"l!”m'@mw Hn.
12. The method of Caiml1l, wherein the step of establ rshtngc tion
bet ween the speech recognition server andX he Java application conprises
the step of adding the Java application to an application.data structure.
13. The nmethod of Caiml, wherein the step of communicating a granmar to
t he speech recognition server conprises the steps of: speci fying the

granmar to the appl itatidnmmetiogt anf | fdeifisaring a agdiech tindegfagentoto a
grammar data stjLyct uge, ﬁgﬁ# i cal qgg!f l.Rg the granmar data
structure in rgépghsgﬁ%o i ef_)da gﬁ%élgg%}'%? %%% ar ns’ly"rgr% 14. The met hod
of aim1, furthereebaptishing t hcommpichtéoRmunbesVEay anaaddisPEERA|

granmar to thergpegaiti®ead¥verolndehVeiva applich®iohle nethod of Caim 1,
further conprising the step of parsing the result before it is cognunlcated
to the Java appl i caffHpunicating a gr ar to the speech recognition
server;
performing speech recognition in response to a speech
input and generating a result based on the grammar; and

communicating the result to the Java application.

12, The method of Claim 1, wherein the step of
establishing communication between the speech recognition
server and the Java application comprises the step of
adding the Java application to an application data

structure.

13. The method of Claim 1, wherein the step of
communicating a grammar to the speech recognition server
comprises the steps of:

specifying the grammar to the application program
interface;

adding the grammar to a grammar data structure; and

dynamically modifying the grammar data structure in
response to the addition of the grammar.

14. The method of Claim 1, further comprising the
step of communicating an additional grammar to the speech

P

recognition server.

15. The method of Claim 1, further comprising the
step of parsing the result before it is communicated to the
Java application.



22 16. The method of Caim1l, further conprising the steps of:

‘recei ving a paraneter value; and nodi fyi ng a paraneter of_the-speech
recogni tion server based on the paraneter value. ..-———"17.7 The method of
Claim1, further conprising the step of giving an in \ﬁﬁ“\l cation
a speech focus.” \E@ﬁm\\‘“\m A

nmet hod of facilitating a speech interface to a Java cl cati®n,’ t he net hod
conprising the steps of: establishin comuni cati on between a
speech recognition server and a Java appl i“#ati on; speci fying a granmar
to the application programinterface; - conmmuni cating the grammar to the

speech recognition SEf Vel dy;namg cal | di L.yl a set of regul.ar
grammars in a directed acygl im(?tglglr°§pk?r9| n"“ajr%%‘bo ‘sef%{’é&?%%ef:?/m%@li gtf‘)éﬁmar;
steps of:
receiving a parameter value; and
modifying a parameter of the speech recognition server

based on the parameter value.

17. The method of Claim 1, further comprising the

step of giving an intended Java application a speech focus.



perform ng speech recognition in response to a speech input and generating
‘a result based on the grammar; and comuni cating the result to the
Java applicati on. 19. The nethod of Claim1, further conprising:

the steps of specifying a paraneter value to the spe l" i fin erver
and nodi fying ‘a paraneter of the speech recognition ﬁ meﬂmmmawﬂﬂmhe
paranet er val ue received, the steps of parsing the Yesul v genekated by
t he speech recognition server, generating a parsed result and comuni cati ng

the parsed result to the Java applicatiod3 and the step of giving the
Java application a speech focus. 20. The nethod of € aim1, further

appl i Catl ons: and 13+t PRRINY Bhe TErhl bEe DR B Rrar SEBEISTRd WA b the
Java applicatidava application, the method comprising the steps of:
establishing communication between a speech
recognition server and a Java application;
specifying a grammar to the application program
interface;
communicating the grammar to the speech recognition
server;
dynamically modifying a set of regqular grammars in a
directed acyclic graph in response to receiving ' the
grammar;
performing speech recognition in response to a speech
input and generating a result based on the grammar; and
communicating the result to the Java application.

19. The method of Claim 1, further comprising:

the steps of specifying a parameter value to the
speech recognition server and modifying a parameter of the
speech recognition server based on the parameter value
received;

the steps of parsing the result generated by the
speech recognition server, generating a parsed result and
communicating the parsed result to the Java application;
and

the step of giving the Java application a speech

focus.

20. The method of Claim 1, further comprising the
steps of: ’

tracking the status of a plurality of Java
applications; and ]

tracking the status of a grammar associated with the

Java application.



